Introduction
Cooperative noncovalent interactions are vital for determining the structure and properties of molecules and materials.
1,2

Among the several interactions, O-H/O, O-H/N, N-H/N, N-H/O, C-H/O, C-H/p hydrogen bonding interactions and
p/p aromatic stacking interactions, cooperative edge-to-face C-H/p interactions between the aromatic units provide a signicant contribution in stabilizing molecular structure.
3
The cyclic benzene trimer (CBT) motif, i.e., three benzene units arranged in a cyclic manner, is the smallest cyclic cluster stabilized through cooperative C-H/p interactions in various aromatic clusters and is the basic building unit for higher order aromatic clusters. 1, 4 Due to its importance, the cooperative edge-to-face C-H/p interactions in the CBT motif are studied theoretically.
5 The non-additive behavior of the C-H/p interactions within CBT motifs adds to the intramolecular cooperativity. 6 Several complexes possessing CBT motif in the solid state are not noticed or reported. However, reports on molecules possessing the CBT motif both in solution and the solid state has started to appear recently. 7 We found a simple strategy to engineer CBT motif in a tripodal molecule which consists of central spacer and aryl/heteroaryl ring substituted benzimidazolyl cores.
8 Our earlier studies 8 reveal that both alkyl group on the central benzene spacer and the aromatic group at 2-position of benzimidazolyl core are necessary to arrange the tripodal molecules with benzimidazolyl based CBT motif. Up to now, furan, thiophene, phenyl, pyridyl, methoxy groups substituted phenyl are used as a steric group at 2-position of benzimidazolyl unit, to force the tripodal molecule to adopt CBT motif. To understand the stability of the CBT motif, we engineered the tripodal molecule by increasing the length of heteroaryl/aryl and alkylthiophene at 2-position of benzimidazolyl unit (Fig. 1) .
Herein, a series of 2-substituted bithiophene, biphenyl and alkylthiophene benzimidazoles (L 1 -L
4
) and tripodal molecules 1a-4b were prepared and characterized by elemental analysis, high-resolution mass spectrometry (HR-MS) and NMR spectroscopic methods. Though there are experimental and theoretical works on cooperative interactions, quantitative intramolecular cooperativity measurements are scarce in the literature.
Results and discussion
and 2-(5-octylthiophen-2-yl)benzimidazole (L 4 ) were synthesized by the reaction of o-phenylenediamine with corresponding aldehydes. 8c Subsequent treatment of L n with 1,3,5-tris(bromomethyl)mesitylene or 1,3,5-tris(bromomethyl)-2,4,6-triethylbenzene in THF by using NaH as base yield tripodal molecules 1a-4b. All the benzimidazoles and the tripodal molecules (1a-4b) are air and moisture stable and soluble in organic solvents. Elemental analysis, HR-MS and NMR spectroscopic methods were used for characterizing the molecules. . These data reveal that 1a adopts a syn-conformer with strong CBT motif with three benzimidazolyl units, and all bithiophene units are pointing away from each other. The NMR spectrum of ethyl substituted molecule 1b shows a similar pattern like that of 1a, except for H 6 and H 7 protons, which are broad and upeld shied compared to 1a (Fig. 2) . This data indicates that 1b has a stronger CBT motif compared to 1a. 8 This data supports that increasing the length of alkyl chain on thiophene at 2-position of benzimidazolyl unit does not inuence the nature of edge-to-face C-H/p interactions in the CBT motif as observed in previously studied molecules.
8c However, alkyl substituted molecules (3-4) possess stronger CBT motif than aryl substituted molecules (1-2). 
Molecular modelling
To further understand the geometry as well as intramolecular interactions for 1a-1b and 2a-2b, DFT calculations were performed with Gaussian09 suite of packages 18 at MPW1PW91/6-311G(d,p) level of theory and basis function. All four molecules adopt an edge-to-face syn-conformation, i.e., CBT motif with three benzene rings of benzimidazolyl units (Fig. 4 ). The geometrical distance between H 7 to the center of benzene ring in benzimidazolyl unit is shorter in ethyl substituted molecules (3.55Å for 1b and 3.53Å for 2b) compared to methyl substituted (3.66Å for 1a and 3.60Å for 2a) molecules. We have followed the scheme depicted in Fig. S6 in ESI † for calculating the intramolecular C-H/p interaction energies, Table 1 . The calculated intramolecular C-H/p interaction energy between benzene C-H with neighboring benzene p-electron cloud in the CBT core indicates that the intramolecular interaction energy is higher for ethyl substituted molecules (1b and 2b) than methyl substituted ones (1a and 2a).
The relative magnitude of the NMR chemical shi of 1a, 1b, 2a and 2b in DMSO solvent were calculated relative to the ligands (L 1 and L 2 ) using SMD solvent model 20 ( Table 2 ). The H 6 and H 7 protons of benzimidazolyl unit shows a higher upeld Table 2 ). The theoretical results corroborated well with the experiment. To justify the relative NMR chemical shi and to quantify the cooperative C-H/p interaction, the molecular electrostatic potential (MESP) topography is calculated 21 and is dened at a point r, as the amount of energy required to bring a unit positive charge from innity to that point. [22] [23] [24] MESP contours in the plane passing through the center of the benzene rings are depicted in Fig. 5 . The (3,+3) MESP critical point at the center of the cyclic trimer ring indicates the formation of CBT motif in 1a, 1b, 2a, and 2b. The MESP minimum is more negative for ethyl substituted molecules (À0.024 a.u for 1b and À0.030 a.u. for 2b) than methyl substituted ones (À0.020 a.u for 1a and À0.027 a.u. for 2a). An increase in the negative value of the MESP value within the benzene trimer motifs shows an increase in the electronic contribution in this region. Also, the magnitude of the MESP (3,+3) CP indicates the formation of a stable intramolecular CBT motif.
Conclusions
Bithiophene, biphenyl, alkylthiophene based benzimidazoles (L 1 -L 4 ), new tripodal molecules (1-4) possessing these benzimidazolyl units and benzene spacer with methyl/ethyl group were prepared and characterized. These molecules adopt a strong CBT motif in solution. A stronger edge-to-face intramolecular C-H/p interactions is observed in ethyl substituted molecules (1b-4b) than the corresponding methyl ones (1a-4a) in solution. A similar formation of strong CBT motif stabilized by cooperative edge-to-face interactions in molecules (1-2) in 
Experimental section
General experimental methods
Biphenyl-4-carboxaldehyde, NaHSO 3 , o-phenylenediamine, NaH, 1,3,5-tris(bromomethyl)mesitylene and 1,3,5-tris(bromomethyl)-2,4,6-triethyl-benzene were purchased from commercial sources and used as received. 2,2 0 -Bithiophene-5-carboxaldehyde, 5-hexylthiophene-2-carboxaldehyde, and 5-octylthiophene-2-carboxaldehyde were prepared from previously reported methods. 25 All solvents were purchased from commercial sources and distilled prior to use. All reactions were carried out in an inert atmosphere. NMR spectra were recorded on Bruker Avance III 400 and 500 MHz instruments. The chemical shis (d) were reported in parts per million (ppm) relative to the residual solvent signal. HR-MS were recorded on a Bruker maXis mass spectrometer. Elemental analysis was performed on a Flash EA series 1112 CHNS analyzer.
General procedure for the synthesis of ligands (L 1 -L 4 ). A stirred solution of o-phenylenediamine (1 equiv.), aldehyde (1 equiv.) and NaHSO 3 (3 equiv.) in DMF were heated at 80 C for 7-8 h. The progress of the reaction was monitored by TLC. Aer completion of reaction, the crude mixture was poured into icecold water. The precipitated solid was ltered, washed with water and dried under vacuum to get crude product. ). 13 
18
MESP of the 1a-2b molecules were evaluated with Gaussian 09 suite of packages at MPW1PW91/6-311+G(d,p) level of theory and basis set.
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